Inferences about the effects of habitat loss may be derived from comparisons of different places when pre-impact data are unavailable. We compared the fish faunas of sandy substrata off beaches with and without seagrass in Cockburn Sound (Western Australia), a bay where > 3000 ha of seagrass was lost from the 1950s to the 1970s, and for which there are no pre-impact data. Numbers of species and individuals varied considerably in space and time, and this variation obscured patterns that might have been associated with the presence or absence of seagrass. Multivariate tests indicated some significant differences in species composition between beaches with and without seagrass; however, patterns among species were complex. Catches were strongly influenced by depth and the quantity of drifting vegetation. In general, fewer species were captured at shallower beaches. Hauls with a lot of drift captured more species, more individuals and higher biomasses of fishes that eat invertebrates and are associated with plants. When widespread seagrass loss occurs, resultant decreases in the supply of drift are likely to negatively affect densities of some fauna. We can make no firm conclusions about the effects of seagrass loss in Cockburn Sound, but suggest that declines in the production of drift have caused changes in fish assemblages.
INTRODUCTION
Habitat loss is one of the main causes of changes in the species composition of ecological communities (Suchanek 1994 , Gray 1997 . Extensive losses of seagrass habitat have occurred in coastal marine ecosystems around the world in recent decades (Shepard et al. 1989 , Short & Wyllie-Echeverria 1996 . In Australia, one of the most severe cases of seagrass dieback occurred in Cockburn Sound, a sheltered bay in Western Australia, where seagrass cover declined from 4200 ha in 1954 to 900 ha in 1978 (Cambridge & McComb 1984) . Relatively little is known about how these changes have affected fauna. Characterization of pre-impact fauna assemblages is difficult, because no quantitative surveys of the fauna of the nearshore habitats were done before 1972 (Dybdahl 1979 , Scott et al. 1986 ). By 1972 most of the seagrass loss had already occurred (Cambridge & McComb 1984 , Kendrick et al. 2002 .
Potential direct and indirect effects of seagrass loss are numerous (Bellan-Santini & Picard 1984 , Jenkins et al. 1997 . Direct effects include loss of fauna that eat seagrass or rely on seagrass for shelter (Edgar & Shaw 1995) . Indirect effects are likely to be more complex. For example, Heck et al. (1995) suggested that there would be major effects of seagrass loss on predators of seagrass-associated fauna. Farther afield, fauna in adjacent habitats may be affected by loss of trophic 'subsidy' (sensu Polis et al. 1997 ) provided by seagrass detritus (Asmus & Asmus 2000) .
These potential effects remain largely untested. When pre-impact data are scarce (as for Cockburn Sound), conventional methods for testing predictions, such as comparing pre-impact and post-impact conditions, may be difficult to apply. Manipulative experiments, which could be used to test predictions, are difficult to perform at a meaningful scale, and might also be socially unacceptable (Nagelkerken et al. 2001) . Alternative methods for gaining insights into the effects of seagrass loss are therefore needed. One alternative may be historical reconstruction (Jackson 2001) . Another approach is to draw inferences based on comparisons of different places (see for example the approach used by Estes et al. 1978) . Comparing places with seagrass to places where seagrass has been lost should yield inferences about the types of species likely to be deleteriously affected by seagrass lossboth directly and indirectly. In the same way, comparisons of adjacent habitats may yield inferences about the effects of seagrass loss farther afield. For example, comparing habitats adjacent to existing seagrass beds with similar habitats adjacent to areas where seagrass has been lost might yield insights into possible indirect effects on the fauna. Such comparisons are most useful when set in a hypothesis-testing framework. For example, sandy beaches where offshore seagrass beds have declined may be expected to receive less drift or be subject to greater wave energy, and so support different fish assemblages. The hypothesis that fish assemblages are different can be tested, although the reason(s) why might not be clearly identified.
We tested hypotheses about spatial patterns in fish assemblages related to seagrass distribution in Cockburn Sound approximately 25 yr after most of the seagrass loss had occurred. We compared fish assemblages captured over sandy substrata immediately off sandy beaches and inshore of seagrass beds with fish assemblages from the same habitat at localities where seagrass was lost by the early 1970s. If loss of seagrass causes predictable changes in fish assemblages of adjacent sandy habitats, we hypothesized that these 2 sets of samples would be different. We also sought to explore whether variation among catches could be related to differences in depth of water and the amount of drifting vegetation.
MATERIALS AND METHODS
Data collection. We studied 6 beaches in Cockburn Sound: 3 with seagrass beds growing immediately offshore and 3 with no extensive seagrass beds within at least 2 km ( Fig. 1 ). Although we studied nearshore, sandy substrata at all beaches, for simplicity we refer to beaches with and without adjacent seagrass as being different 'habitats'.
Because little seagrass remains in Cockburn Sound (Fig. 1 ), we were forced to select beaches that varied in depth and aspect. Two of the beaches with seagrass (Buchanan and Sulphur) were on the western shore of Cockburn Sound with extensive beds of Posidonia spp. immediately offshore. The third beach with seagrass (Jervoise) faced south and had a small bed of Posidonia spp. immediately offshore and extending to the west (Fig. 1 ). Beaches without seagrass (Challenger, Kwinana and Rockingham) varied less: all were westfacing beaches where little or no seagrass has existed since before 1972 (Cambridge & McComb 1984 , Kendrick et al. 2002 .
We sampled during two 6 wk time periods, one in May-June and one in October-November of 1995. Each time period was divided into two 3 wk 'blocks'. Each beach was sampled once within each block. The sampling dates within each block were randomized, although some restrictions were applied to ensure temporal interspersion. The 2 westernmost beaches had to be sampled on the same day because of the extra travel time required. On each sampling occasion, 4 replicate seine hauls were taken. Replicate hauls were generally taken in a sequence along the beach, but they were separated by varying distances. A 40 m long beach seine was used because it captured a broad section of the fish assemblage (Vanderklift et al. 1998) . It had a 10 m center bunt of 6 mm stretched mesh, with 15 m of 25 mm stretched mesh on either side. The seine was 3 m deep and had bridles, 25 m hauling lines at each end, lead weights attached to the bottom line, and plastic floats attached to the top line. Using an inflatable dingy powered by an outboard motor, we set the net 25 m offshore and parallel to the beach. It was hauled directly onto the beach, thus sweeping a maximum area of approximately 1000 m 2 , although actual area swept was slightly less due to curvature of the net as it was hauled onto the beach.
Fish were chilled during transport and then refrigerated or frozen. In the laboratory, the number of individuals and biomass (g wet wt) of each species was recorded. Several invertebrate species were captured, but because the net would not have sampled the smaller invertebrate species efficiently, only large portunid crabs, Portunus pelagicus and Ovalipes australiensis, and cuttlefish Sepia plangon were included in analyses.
Because variations in environmental features can affect catches of fish, we estimated depth and amount of drifting vegetation (drift) for each haul. Because these features varied among beaches and with time, we tested for corresponding patterns in fish assemblages that might obscure patterns related to our predefined habitats. Estimates for each haul were made as follows: (1) depth, estimated to the nearest 0.5 m just beyond the seine; and (2) drift, the quantity of drifting seagrass and macroalgae retained in each haul was estimated on an ordinal scale of 0 to 4 (0 for none and 4 for large quantities).
Data analysis. Analyses investigated patterns at the assemblage level (i.e. patterns in the identities, densities and biomasses of all species), focusing on patterns related to presence or absence of offshore seagrass beds. We conducted analyses including all species and also separately for 5 feeding guilds (modified from Ayvazian & Hyndes 1995) , because not all species were expected to show patterns associated with the presence or absence of seagrass. The feeding guilds were: sand-associated invertevores (i.e. invertevores living mainly on or just above the surface of the sand), plant-associated invertevores (i.e. invertevores generally associated with seagrass or algae), omnivores, zooplanktivores and piscivores.
For each of the data sets, 3 types of analyses were used to characterize patterns in assemblages. The number of species, the total number of individuals and total biomass were analyzed using analysis of variance (ANOVA). The statistical techniques of non-parametric multivariate analysis of variance (NPMANOVA) and ordination were used to test for multivariate patterns in the distributions. Variations in catches associated with different depths and quantities of drift were analyzed by multiple regression.
Prior to ANOVAs, data were tested for homoscedasticity using Cochran's test. If data were heteroscedastic, they were transformed. If the transformed data remained heteroscedastic, ANOVAs were conducted on the untransformed data, as ANOVA is robust to heteroscedasticity when data are balanced (Zar 1996) . The full ANOVA model included the factors habitat (fixed), beach (random, nested within habitat), season (fixed) and block (random, nested within season). This model did not allow construction of an exact F-ratio for the factors of habitat or season. Because we were particularly interested in differences between habitats, and the block factor held no particular interest beyond estimating short-term variability, data from the 2 blocks were pooled when factors including this term were not significant at p ≥ 0.25. Pooling yielded a single set of 8 replicate hauls per beach within each season.
NPMANOVA (Anderson 2001 , McArdle & Anderson 2001 ) was used to test for differences in species compositions among our predefined sets of samples. NPMANOVA is analogous to ANOVA; the significance of the F-ratio is determined by permutation. We tested for the significance of differences between habitats and among beaches separately for each block of time. The analyses were based on Bray & Curtis dissimilarities calculated using untransformed biomass data (biomass data were preferred because they were less influenced by dominant species). The method used was permutation of the residuals (Anderson & Legendre 1999) .
Ordinations were performed using semi-strong, hybrid multidimensional scaling (Belbin 1991) . The ordinations were based on Bray & Curtis dissimilarities calculated from log-transformed numbers of individuals (these data gave lower stresses than biomass data). Data were first pooled for each block. Ordinal regression was used for dissimilarity values above 0 to make the ordination essentially non-metric.
RESULTS

Numbers of species
Seine hauls from the 6 sites over 2 seasons yielded 55 species of fishes from 34 families and 3 species of large invertebrates (full species list in Vanderklift 1996) . Piscivores were uncommon (8 individuals captured during the study) and were therefore not analyzed. The numbers of species in the other groups showed varying patterns (Table 1) . Among-beach spatial variation and between-block temporal variation were generally important: numbers of sand-and plantassociated invertevore species varied significantly among times and places of sampling, but not according to any consistent pattern (note the significant interactions at the lowest level of analysis). The total number of species and numbers of omnivore and zooplanktivore species varied significantly among beaches within each habitat. Generally, greater numbers of species in these groups were caught at Buchanan and Sulphur (beaches with seagrass) and Rockingham and Challenger (beaches without seagrass) ( Fig. 2 ).
NPMANOVA
Beach identity was an important source of variation in species composition (Table 2) . At almost all times of sampling, there were significant differences in species composition among beaches for all species, sand-and plant-associated invertevores ( Table 2 ). The species compositions of omnivores and zooplanktivores were less variable. Differences between habitats were present for all species, sand-associated invertevores, plant-associated invertevores and omnivores, but not consistently for all times of sampling (Table 2) . Differences between habitats in the species composition of zooplanktivores also approached significance for one time of sampling (Table 2) .
Ordination
Ordinations did not yield patterns with clear separation of samples according to the presence or absence of seagrass ( Fig. 3 ). However, samples taken off beaches with seagrass tended to be on the edge of the ordination plots, suggesting that their species compositions were different from samples taken off beaches without seagrass ( Fig. 3) . Samples from Buchanan, and to a lesser extent Sulphur, also grouped separately from other samples, reflecting among-beach differences in species composition. This trend was most evident in the ordinations derived from all species and sand-associated invertevores (Fig. 3a,c) . Stress values for ordinations were relatively high (range 0.17 to 0.24), indicating that patterns of association among samples were generally not well represented in a 2-dimensional plot. We generated 3-dimensional ordinations, which resulted in lower stresses but did not yield clearer patterns (for simplicity of presentation we show the results of the 2-dimensional ordinations only). 
Number of individuals
A total of 69 012 fish were captured during this study. Numbers were dominated by 5 species of schooling zooplanktivores, with 89% of individuals belonging to these species (Table 3) . Sand-associated invertevores and omnivores were also captured in high numbers ( Table 3) . Each of these guilds was numerically dominated by single species: Hyperlophus vittatus comprised a large proportion of zooplanktivores (60%), Sillago vittata was the most abundant sand-associated invertevore (85%) and Aldrichetta forsteri was the most abundant omnivore (88%).
Among-beach spatial variation and between-block temporal variation dominated analyses of number of individuals, with significant interactions for all groups (Table 4 ). Because of the significant interaction terms, patterns related to the presence of seagrass could not be tested, although the mean number of all individuals was greater at beaches with no adjacent seagrass (mean = 1187.6 ind. haul -1 ) than at beaches with adjacent seagrass (mean = 250.2 ind. haul -1 ). Most of this difference was due to higher densities of 4 species at beaches without seagrass (the clupeids Hyperlophus vittatus and Spratelloides robustus, the atherinid Leptatherina presbyteroides and the sillaginid Sillago vittata: see Table 3 ). Unlike the trends in the numbers of species, beach identity was not an important source of variation in numbers of individuals. These results indicate that any broad-scale spatial Table 3 . Numbers of individuals, biomasses and proportions of total for (a) each of the feeding guilds and (b) species for which > 50 individuals were captured during the study or temporal trends in numbers of individuals were obscured by significant variation at finer spatial and temporal scales.
Biomasses
Overall, total biomass was less dominated by zooplanktivores (Table 3 ). The numerically dominant species were also less important in terms of their biomass (Table 3) . Perhaps because of this, patterns in the biomasses of fish were less subject to fine-scale variability than were patterns in the numbers of individuals (Table 5 ). Only zooplanktivore biomass showed significant interaction between among-beach spatial variation and between-block temporal variation. However, between-block variability was still important enough in most cases (p < 0.25) to preclude pooling, so tests of the significance of between-habitat and betweenseason differences were not possible. (We note that the mean squares were highest for the habitat factor in all analyses.) Beach identity was an important source of variation in biomass for sand-associated invertevores ( Table 5 ). Challenger yielded the highest overall biomasses for most groups (Fig. 4) .
Associations with depth and drift
Depth and amount of drift varied among beaches, with no consistent patterns between beaches with and without seagrass. Overall, beaches at Buchanan and Sulphur (with seagrass) and Rockingham (without seagrass) tended to be shallower (generally 0.5 to 1.5 m) than beaches at Kwinana (without seagrass) and Jervoise (with seagrass), where depths generally reached 2 to 3 m. Depths at Challenger (without seagrass) were intermediate (1.5 to 2 m). The amount of drift captured in the hauls varied among beaches, but not consistently according to whether there was seagrass adjacent. Beaches at Kwinana, Rockingham and Jervoise tended to have little or no drift, Buchanan regularly had large quantities, and Sulphur and Challenger had variable amounts.
The numbers of species of all groups showed significant associations with depth (Table 6 ) and tended to be higher in catches from shallow water. Numbers of individuals showed no significant association with depth ( Table 6 ). Biomasses of sand-associated invertevores and omnivores showed significant associations with depth ( Table 6) : biomasses of sand-associated invertevores tended to be higher in shallow water, while biomasses of omnivores tended to be higher in deeper water.
The number of species, number of individuals and biomass of plant-associated species were positively associated with drift (Table 6) . Similarly, the number of omnivore species was higher in catches with large amounts of drift (Table 6) .
DISCUSSION
Generally, the numbers of species, numbers of individuals and biomasses showed few clear patterns related to the presence or absence of seagrass. The numbers of species varied among beaches and was strongly influenced by depth, and for some guilds, the amount of drift present, regardless of whether beaches had adjacent seagrass. Broad trends in numbers of individuals were obscured by large fluctuations among catches: more fish were caught at beaches with no adjacent seagrass (numbers were dominated by zooplanktivores and Sillago vittata, a sand-associated invertevore), but these differences were obscured by high variability among beaches and among times. High variation is common in studies attempting to detect the effects of stressors on fish assemblages and can make detection of trends difficult (Rose 2000) . Estimates of biomass were less subject to short-term temporal variation and for some guilds, beach identity was important.
Despite the high variability among catches, NPMANOVA did show significant differences in the composition of fish assemblages between habitats when data from different times were analyzed separately. For example, results suggested that sandassociated invertevores varied between habitats in May-June. Within this guild, patterns were complex: while catches of some species were higher at beaches without seagrass (e.g. Sillago vittata), catches of others were higher at beaches with seagrass (e.g. S. schomburgkii ).
There are several possible reasons why these differences occur. Some species shelter in seagrass beds, but forage over adjacent unvegetated habitats (Summerson & Peterson 1984) . Another possibility is indirect effects via trophic pathways (Heck et al. 1995 , Asmus & Asmus 2000 . Shaw & Jenkins (1992) found that the greenback flounder Rhombosolea tapirina fed primarily on harpacticoid copepods and suggested that high densities of these invertebrates were supported by seagrass detritus. In Cockburn Sound, the presence of sediment organic matter from seagrass decay may be important, but knowledge of the linking processes is Fig. 4 . Mean biomasses (+ SE, n = 16) of all species and each of the feeding guilds at each beach within each habitat. See Fig. 1 for beach abbreviations poor for even relatively well-studied species. Probably the best-studied group in southwestern Australia is the Sillaginidae. Four species were captured during this study. The 2 most abundant, Sillago vittata and S. schomburgkii, showed different distribution patterns, yet both prefer bare sand habitats (Hyndes et al. 1996) and feed on copepods, amphipods and polychaetes (Hyndes et al. 1997 ). Little information exists on whether preferred invertebrates utilize seagrass detritus. More information is needed before the role of seagrass detritus as a potential food source can be better understood.
Other influences may have confounded simple answers. One influence in this study was the distribution of drift. We attempted to explore the influence of drift using ordinal estimates. More species, more individuals and higher biomasses of plant-associated invertevores were captured in hauls where drift was abundant. Similarly, more species of omnivores were captured in hauls where drift was abundant. These 2 guilds were not numerically abundant, comprising only 3.1% of all individuals, but comprised 19.6% of total biomass. These results suggest that a distinct assemblage of fishes may be associated with drift in Cockburn Sound. Association of fishes with drifting macrophytes has been reported elsewhere (Kulczycki et al. 1981 , Robertson & Lenanton 1984 , Kingsford & Choat 1985 , Langtry & Jacoby 1996 . Many of the fishes associated with drift in our study were juveniles (unpubl. length data) and this suggests that drift, including seagrass, might provide an important nursery habitat.
Indirect effects of seagrass loss on faunal assemblages that rely on drift are difficult to predict, because we know relatively little about the numerous linking processes. The relatively small amount of research that has been done suggests that areas with drift macrophytes (seagrasses and macroalgae) may support distinctive fish assemblages and higher numbers of fish relative to unvegetated habitats (Kulczycki et al. 1981 , Lenanton et al. 1982 , Robertson & Lenanton 1984 , Ochieng & Erftemeijer 1999 . Fish may use drift as shelter from predators (Lenanton et al. 1982 ) and may feed on invertebrates associated with drift (Lenanton et al. 1982 , Robertson & Lenanton 1984 .
Local conditions are probably important in determining the amount of drift seagrass received. The dispersal of drift seagrass will be influenced by factors such as direction and intensity of currents, buoyancy of the seagrass and proximity of the source to the destination. These influences may ameliorate the effects of seagrass loss from areas immediately adjacent. If the supply of detritus is maintained from distant sources, even populations susceptible to change may remain unaffected. The amount of drift we encountered was not strictly linked to the proximity of seagrass and it also varied through time. These variations influenced the types of fishes we captured at different places and times during this study. Drift macroalgae can be important to fish off sandy beaches (Lenanton et al. 1982) , but in Cockburn Sound, there is relatively little rocky substrata, so macroalgae detritus (other than algae epiphytic on seagrass) may not be very important. However, at Challenger, which has small areas of rocky reef nearby (see Fig. 1 ), drift included both seagrass and macroalgae.
Inferences about the effects of seagrass loss
This study provided limited evidence for differences related to presence or absence of seagrass. There were some differences in species composition, but many of the analyses were dominated by fine-scale spatial and temporal variation. Part of the variation in catches can be explained by spatial and temporal variation in the distribution of drift: drift seagrass was associated with a distinct assemblage of fishes, but was not restricted to beaches immediately adjacent to seagrass beds.
An additional constraint to drawing inferences about the influence of seagrass is the lack of interspersion. Ideally, beaches with and without adjacent seagrass should be spatially interspersed, but the configuration of seagrass in Cockburn Sound prevented this. The alternative explanation that the differences we found are purely spatial cannot be completely discounted.
Despite this, some inferences can be drawn about the likely impacts of seagrass loss on sandy beach habitats. From our results, it seems likely that some species in this assemblage were adversely affected by the reduced supply of drift that must have followed the loss of > 3000 ha of seagrass in Cockburn Sound. Our study was designed to test for spatial patterns, not to explicitly quantify processes influencing detrital pathways. However, clear spatial patterns were not present. Their absence suggests that the effects of seagrass loss on faunal assemblages, supported by trophic pathways based on seagrass detritus, are complex. Further studies will be needed to ascertain the level of influence of each of the factors. We suggest that a fruitful avenue of inquiry could be a more explicit study of the magnitude of drift export from seagrass beds, the distance and direction of export, and the eventual fate of the drift.
